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Stable trains of pulses as short as 2ps have been generated from an ytterbiumerbium. fibre loop laser modelocked through synchronous pumping by the loops, IOOMHz repetition rate pulses of an actively modelocked Nd:YAG laser. Crossphase modulation and soliton shaping are the dominant pulse formation and shaping mechanisms.
When the technique of modelocking through synchronous pumping of conventional solid-state laser materials is applied, the generated pulses tend to exhibit relatively long durations, primarily because gain saturation does not play such a dominant role in the pulse-shaping mechanism. This is distinct from, for example, dye lasers where gain saturation is important, and synchronous p u m p ing with pulses in the picosecond regime readily gives rise to femtosecond pulses. Recently, Dianov e f a/. [I] reported the diode laser pumping of an erbium fibre laser where the pump diode was integrated into the fibre laser cavity and the diode drive current was modulated at the cavity round-rip period such that, in addition to providing pump power for the erbium fibre laser, the diode acted as a periodic phase modulator. The duration of the generated pulses was -4OOps, which was probably limited by the low level of phase modulation imparted by the laser diode and possibly by spectral filtering. By using a separate modelocked diode laser, the repetition rate of which was matched to a high harmonic of the fundamental fibre cavity, Greer and Smith [2] imposed a strong phase modulation via crossphase modulation on to a CW diode pumped erbium fibre laser which incorporated a long (8.8 km) length of fibre to enhance the crossphase modulation process. This technique gave rise to pulses of lops and average powers of around 300pW.
The application of ytterbiumerbium fibres has several advantages in that they can be efficiently pumped by an Nd:YAG laser operating at 1.06pm and high average powers can be obtained from the systems. Consequently, an actively modelocked Nd:YAG laser can be used to both pump and impart a strong synchronous phase modulation on a Yb:Er fibre laser [3] . This is a distinct advantage in that a single laser can be used for pumping and deriving the phase modulation, while the use of a high power pump source means that relatively short fibre lengths can be used for the crossphase modulation, eliminating acoustic instabilities that may arise with long (kilometre) fibre lengths required when diode pumping is used. There has also recently been a report on a synchronously pumped linear fibre laser system [4], the operation and output parameters of which are similar to our original loop laser [3] which is described in detail here. See text for notation Fig. 1 shows a schematic diagram of the synchronously pumped modelocked Yb:Er fibre laser cavity configuration. A conventional acousto-optic modelocked NdYAG laser was used as the synchronous pump source. This provided pump pulses of l00ps duration at 1 . 0 6~, at a repetition rate of nominally IOOMHz and a maximum average power of IOW. However, at maximum only up to 500mW was coupled into the system using a standard 1.5p11dO.98 p WDM (which had a 97% coupling at 1 . 0 6~) . This was fused to a length of singlemode fibre with a minimum dispersion at 1.27 p, which was used to derive the phase modulation at 1 . 5~ via crossphase modulation from the pump. The Yb:Er fibre (IRE-Poljus) was 10m long, with Er and Yb concentrations of 300 parts in 106 and 10 OOO parts in 106, respectively. A polarisation controller was placed on the .end of the YbEr fibre which was in turn fused to a nominally 10% output coupler (at I S S p ) and the fibre laser cavity was completed via a polarisation-independent isolator coupled to the input WDM. A lOSm length of the = 1 . 2 7~ singlemode fibre was used. From the known dispersion of the fibre and also from measurements which were taken using a streak camera, the walkoff between the 1 . 0 6~ pump and 1.54 w signal was determined to be OSpdm. The fibre length was then selected to generate a walk-off of -5Ops, which was considerably less than the pump pulse width, and ensured a phase shift proportional to the pump pulse intensity. The overall cavity length of 117.2111 corresponded to a fundamental frequency of 1.747 MHz, such that at any time 57 pulses were present in the loop. To achieve precise synchronisation of the pump and fibre laser cavities, initially the length of fibre in the loop was cut to an approximate match and fine tuning accomplished by adjusting the drive frequency to the modulator of the NdYAG pump laser, to an accuracy of better than I part in 106. Fig. 2 shows a low temporal resolution oscilloscope record of a representative pulse train from the synchronously pumped YbEr fibre laser. The IOOMHz (identical frequency to the pump) output was characterised by single pulse operation, with high amplitude stability (see Fig. 2 ) and a moderate insensitivity to pump pulse intensity fluctuations. Higher temporal resolution of the generated pulse using background-free autocorrelation showed routine output pulse durations of 3 . 0 4 . 0~s (see, for example, the 5.5ps pulse of Fig. 3 ). The autocorrelations exhibited no pedestal component to within the sensitivity of the recording. With mismatched cavities, however, broader pulses and long pedestal components were present. Fig. 3 inset shows the spectrum associated with the autocorrelation,and the recorded, FWHM of 0 . 4 7~1 indicated that The threshold pump power for modelocked operation was less than 20mW. Increasing the pump power led to decreased output pulse durations and for an average pump power of 500mW the average output power was around 10mW. The optimised pulse durations at this pump power level were around 2ps, and Fig. 4 shows a hackground-free autocorrelation trace of a 2.5ps pulse for these operating conditions. These pulses were also transform-limited. The fibre laser exhibited some of the characteristics of a conventional synchronously pumped bulk laser system. A variation in the drive frequency to the modulator of the pump laser of up to 500 Hz (in 50MHz) was possible while maintaining a synchronously modelocked output. Accompanying the variation in drive frequency was an associated increase in the output pulse duration 1864 ~~ which exhibited a strong asymmetry relative to the pulse minimum. This asymmetry was biased towards the high-frequency side. On reduction of the drive frequency, with the fibre laser cavity length kept constant, laser action rapidly faded. As the drive frequency was varied, it was also observed that the central operational wavelength of the fibre laser self-selected and a decreased operational wavelength with increased drive frequency was recorded, varying by 3.5nm for a 500Hz variation in the drive frequency. This behaviour is characteristic of FM modelocked bulk lasers and has also been observed in fibre-based lasers [2]. The self-adjustment of the operational wavelength through dispersion tuning has also been observed previously with, for example, synchronously pumped Raman lasers.
In summary, we have described a relatively simple technique for the generation of picosecond tunable pulses through the synchronous modelocking of an Yb:Er fibre laser in a very basic fibre loop geometry, which uses crossphase modulation (from the pump pulse) together with inherent soliton shaping as the principal pulse-formation mechanisms, although the latter is not a prerequisite for short pulse generation using this technique. The laser system is quite stable to pump intensity and cavity length fluctuations. At the pump power levels and for the fibre lengths reported here, the maximum phase change was around 10-15 rad and is dependent on the relative polarisation state. It should be possible through system optimisation to readily generate femtosecond pulses, and this may be most easily accomplished using ultrashort, high-power pulse pumping, which we have recently instigated. 
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CW oscillation at a wavelength shorter than 630nm, which depends on the AI content incorporated into a tensile-strained single-quantum-well active region of AlGalnP LDs, is investigated. A threshold current of I12 m4 at 20°C is attained in a quaternary (AI,Ga,.,)lnP (x = 0.1) SQW LD emitting at 615nm.
There has been great progress in high-performance short-wave-
